SUMMARY Thirty-seven subjects (10 asymptomatic and 27 symptomatic) who had undergone maximal treadmill exercise tests and coronary arteriography were selected to determine whether the predictive value of ST-segment depression as a marker of coronary artery disease (CAD) in asymptomatic subjects could be enhanced. All subjects had _2 mm ST-segment depression during testing. Three of the ten asymptomatic subjects had significant CAD (predictive accuracy 30%) and all had 22 mm ST depression in the one-minute recovery tracing. ST-segment depression resolved by one minute in all seven subjects without CAD. All 27 symptomatic subjects had CAD THERE IS INCREASED INTEREST IN EXERCISE TESTING for the purpose of identifying subjects at high risk for coronary atherosclerotic events. In fact, it has been recommended that every adult male over the age of 35 years have an exercise stress test as part of routine health evaluation.' Approximately 3 to 24% (average 13%, primarily dependent on age) of asymptomatic subjects will have ST-segment depression during exercise.2'5 This abnormality is considered a hallmark of left ventricular ischemia resulting from coronary artery disease if other cardiac, metabolic or iatrogenic causes can be excluded.6
SUMMARY Thirty-seven subjects (10 asymptomatic and 27 symptomatic) who had undergone maximal treadmill exercise tests and coronary arteriography were selected to determine whether the predictive value of ST-segment depression as a marker of coronary artery disease (CAD) in asymptomatic subjects could be enhanced. All subjects had _2 mm ST-segment depression during testing. Three of the ten asymptomatic subjects had significant CAD (predictive accuracy 30%) and all had 22 mm ST depression in the one-minute recovery tracing. ST-segment depression resolved by one minute in all seven subjects without CAD. All 27 symptomatic subjects had CAD THERE IS INCREASED INTEREST IN EXERCISE TESTING for the purpose of identifying subjects at high risk for coronary atherosclerotic events. In fact, it has been recommended that every adult male over the age of 35 years have an exercise stress test as part of routine health evaluation.' Approximately 3 to 24% (average 13%, primarily dependent on age) of asymptomatic subjects will have ST-segment depression during exercise.2 '5 This abnormality is considered a hallmark of left ventricular ischemia resulting from coronary artery disease if other cardiac, metabolic or iatrogenic causes can be excluded .6 In symptomatic populations in which a relatively high prevalence of coronary artery disease is expected, the presence of ST-segment depression (>1 mm) during exercise has a high (about 90%)7 predictive value (see table I for definitions of terms). In asymptomatic populations, however, in which the prevalence of coronary artery disease is likely to be very small, the predictive value of ST-segment depression during exercise falls to 37-55%.85 ' Even though the predictive value is poor, it has been shown2-4 that this asymptomatic group with ischemic ST changes during exercise has a 10 to 14-fold increased chance of developing a serious coronary event within three to five years compared to asymptomatic individuals without ST-segment depression during exercise.
Since coronary arteriography with its attendant morbidity, mortality and cost is the only method of identifying which patients in this potential high risk group have coronary artery disease, improved noninvasive criteria should be established to identify those asymptomatic individuals with ST-segment depression during exercise who have a high likelihood of coronary artery lesions. With this aim, we reviewed our exercise tests in asymptomatic people to determine 1) if using greater than 1 mm of ST-segment depression as the minimum criterion for an ischemic response could result in an increased predictive value in identifying coronary artery disease and 2) if other criteria could be used to determine which asymptomatic individuals with STsegment depression have coronary artery disease.
Material and Methods
All asymptomatic subjects demonstrating 2 mm or greater planar or downsloping ST-segment depression during exercise testing at the Hospital of the University of Pennsylvania were identified. All patients with abnormal resting electrocardiograms, those taking digitalis or antiarrhythmic agents, those with noncoronary cardiac abnormalities such as valvular heart disease or cardiomyopathy and those with a definite history of myocardial infarction or angina pectoris were excluded. Twenty-five subjects who satisfied these criteria were identified from the 2,012 consecutive exercise tests. Ten This group was randomly selected from the same basic study population of 2,012 subjects. All 27 patients had undergone coronary angiography (as described above).
Results
The degree of ST-segment depression during exercise in the ten asymptomatic patients ranged from 2 to 6 mm (table  2) . ST-segment depression was detected in all cases in the lateral precordial ECG leads (V4 e). Only three of the ten patients had coronary artery disease, a predictive value of 30% in this population. Each of the three subjects with coronary artery disease developed ST-segment depression at maximal exercise, and some ST depression lasted for three or more minutes into recovery (table 2) . Of the seven patients without coronary artery disease, ST-segment depression occurred at maximum exercise, and resolved by the first minute postexercise in six ( fig. 1 ). In the seventh patient (#6, the only female), the ST-segment depression had decreased to 1 Discussion The predictive value of exercise stress testing for coronary artery disease depends upon the degree of ST-segment depression and the prevalence of coronary artery disease in the population studied."1 12 In subjects with chest pain syndromes that resemble or are typical of angina pectoris, there is a high prevalence of coronary artery disease expected; the predictive value (using 1 mm of ST-segment depression) is 80-90%.7 If the criterion for an ischemic response is increased to 2 mm, the predictive value may be 95% or greater.7 Of course, the use of higher degrees of ST-segment depression markedly decreases the degree of sensitivity. In asymptomatic subjects, the prevalence of coronary artery disease is expected to be small, and thus the predictive value of ST-segment depression is less.'2 Two recent evaluations of such patients by Borer" and Froehlicher9 using 1 mm of STsegment depression as the criterion for an ischemic response have shown that the predictive values for coronary artery disease in their asymptomatic subjects were 37% and 44%, respectively. The predictive values in their series might have been enhanced if the minimum criterion for an ischemic response was two or more millimeters of ST-segment depression. However, Redwood, et al.'3 have recently argued, using a mathematical approach, that in an asymptomatic population with an assumed prevalence of coronary artery disease of 2%, using 22 mm ST depression would increase the predictive value only from 24% to 45% since an increase in the specificity of the test from an assumed 97% to 99% must be accompanied by a fall in the sensitivity from 95% to at least 50%. The results of the current investigation are compatible with this mathematical prediction since in our population using _2 mm of ST depression as the minimum criterion of an ischemic response resulted in a predictive value of only 30%. Even though the predictive value for coronary artery dis- 95  158  180  158  98  150  136  157  145  151  111  136  147  133  130  130  154  127  157  153  141   137  159  92  153  143  106   Max ST s  2  2  3  3   4  2  3  2  4  3  2  2  4  4  4  3  5  3  3  4  3  3  3  3  5  2  2   HR at I min   82  126  140  122  73  133  86  124  106  121  100  113  134  95  103  102  137  81  134  124  112  93  110  51  138  108  86   #mm ST i  at 1 min   2  2  2  2  3  1  2  1  2  2  1  2  3  1   0   2  4  2  2  2  2  3  2  2  4 3  3  3  3  3  3  1  2  2  2  2  3  3  1  3  2  3  1  3  3  2  3  2  3  3  2  1 Abbreviations: CAD = coronary artery disease; ST. = ST depression; Dur 1 min = electrocardiographic data in the 1 min post exercise tracing. = duration; HR = heart rate; Max -maximal; --801 82RUAOVOL 56, No 5, NOVEMBER 1977 ease is not high in asymptomatic subjects with ST-segment depression during exercise, this group does appear to be at high risk for development of subsequent coronary artery events.2 Since, at present, there is no noninvasive criterion to identify those subjects in this high risk group who have coronary artery disease, an enhanced predictive value for exercise testing in such individuals would be of great benefit. The results of the current study suggest that asymptomatic subjects with coronary artery disease develop ST-segment depression during exercise, and that the ST-segment depression persists for .2 minutes in the recovery period (as compared to similar subjects with false positive responses). Of the three subjects in our study population with coronary artery disease, all had greater than 2 mm of ST-segment depression during exercise which lasted longer than one minute into the recovery phase. However, in six of the seven subjects without coronary artery disease, the abnormal ST response to exercise had returned to baseline within one minute into recovery, and in the seventh subject, to 1 mm at one minute into recovery. Persistent ST depression following exercise was also observed in the symptomatic control patients, all of whom had coronary artery disease by coronary arteriography. In 26/27 of these patients, the ST segments had not returned to baseline at the one minute postexercise tracing and in 21 of these 25, there was still 2 mm or greater ST depression at this time. Only one symptomatic patient with coronary artery disease had no ST depression at one minute postexercise but he exercised only for a brief time and did not achieve 95% maximal heart rate. The results of this study suggest that the predictability of coronary disease in asymptomatic subjects may be enhanced by analysis of the duration as well as the appearance of STsegment depression. Careful attention to the maximal heart rate and exercise tolerance may also be important criteria.
However, because of the limited amount of correlative data available in this study, these conclusions must be considered preliminary until more information has been acquired.
